A cold-neutron SAS device to be operated in connexion with the 5 MW Galileo Reactor in Pisa is briefly described. It consists of a liquid-propane cold-neutron source (100°K); a neutron guide tube (mirror glass); a multidisc wavelength selector (5 < 2_< 20 A,) whose resolution (4_< z12/2 < 12 %) can be varied according to the number of discs, and transmission increased by means of suitable guide tubes between the discs; a multicellular BF3 proportional counter connected with a minicomputer. Some preliminary results have been obtained in spite of provisional wavelength-selecting and counting systems; they refer to some technological problems: scattering variations in Cu, Ni, Fe have been measured as produced by recrystallization and cold working. An increase of scattering from lnconel X-750 turbine blades has been observed as a function of operation time. Furthermore, scattering variations as a consequence of age-hardening treatments have been measured in the same alloy. Finally a scattering effect has been observed in various metals after exposure to atomic hydrogen, which might be important for investigating the problem of hydrogen embrittlement. According to those results (although only partially interpreted), a number of interesting possibilities are indicated, where neutron smallangle scattering may be applied in technology for non-destructive testing.
Introduction
Superconductors containing magnetic impurities have been the object of many investigations in the last decade. Special attention has been paid to those systems where even a fairly high impurity concentration leads to only a slight decrease in the superconducting transition temperature. Here ordering effects of the impurity spins become important and the coexistence of ferromagnetism and superconductivity has been predicted (Matthias, Suhl & Corenzwit, 1958) . Typical systems of this kind are mixed crystals of a superconducting and a ferromagnetic component, such as the rare-earth Laves phases.
Usually the magnetic properties are studied by the investigation of the macroscopic susceptibility (Hillenbrand & Wilhelm, 1970) . Below the superconducting transition temperature this method is no longer appropriate since the sample becomes diamagnetic because of the shielding currents. The measurements of specific heat (Rupp, 1973) and of M6ssbauer line broadening (Taylor et al., 1972) (Steiner, Gumprecht & Hfifner, 1973) yield further information, but the most direct way of studying magnetic ordering is neutron scattering.
For the present investigation the system Cel _ xTbxRu2 has been chosen, because this system has already been studied by other methods (Hillenbrand & Wilhelm 1970) (Taylor et al., 1972) , and since the low absorption cross-section and high magnetic moment of Tb seem to make it especially suited for neutron diffraction.
Experimental technique
The experiment was carried out on powdered samples prepared by Wilhelm & Hillenbrand (1970) . Samples of 0, 20 and 40 at. % of Tb have been available. The zero per cent sample was used to check our method of background correction. The 20% sample becomes superconducting at 2.6°K and shows a broad maximum in the macroscopic magnetic susceptibility at 4.5°K, which up to now has been interpreted as the Curie point. Our interest was focused on the correlation of Tb spins in this sample in the temperature range from 1.5 6 10 ~ counts to 25°K. The sample with 40% Tb is not superconducting at any temperature and shows a fairly sharp maximum in the susceptibility at 13°K. This sample was used to check the magnetic phase transition. The magnetic order was investigated using the technique of small-angle neutron scattering. This was done at the D I1 spectrometer (Schmatz, Springer Schelten & Ibel, 1974) at the cold source of the Grenoble High-Flux Reactor. We used 4 A neutrons and cooled the sample in an evaporation-type variabletemperature cryostat. The sample volume was about 3 cm 3 of loose powder in an aluminum can. A typical spectrum was recorded in about 10 min.
Experimental results
Small-angle diffraction patterns for CeRuz with 20% Tb are shown in Fig. 1 . Above 25°K the spectrum is essentially independent of temperature. So this is regarded as non-magnetic background, which might originate from the cryostat, the container and nuclear scattering in the sample. Since the zero percent sample gives the same intensity distribution, for further data treatment this high-temperature spectrum is subtracted from the low-temperature intensity.
When the sample is cooled the neutron intensity increases progressively. At 10°K the magnetic signal is already twice the background. As can be seen from the 1-5°K curve this magnetic signal persists when the sample is superconducting (below 2.6°K), so that certainly some kind of magnetic order coexists with superconductivity. This order is ferromagnetic rather than antiferromagnetic, since for antiferromagnetic order the small-angle scattering around the 000 peak would be forbidden.
Further analysis of our data is made by deducing from the measured spectra the magnetic correlation function. For this purpose the Fourier inversion is made by guessing the correlation function and calculating backwards. The Ornstein-Zernike correlation function g(r)=(I/r)e -x" leads to a Lorenzian intensity distribution and plotting the inverse intensity versus the square of the scattering vector should lead to straight lines if the magnetic order in our sample obeys the Ornstein-Zernike behaviour. This is indeed obtained in Fig. 2. [We would like to remark, that a Guinier plot (logarithm of intensity versus squared scattering vector) does not lead to straight lines in our case.] An Ornstein-Zernike correlation function is typical for short-range order. We find this type of correlation in this 20 % sample over the whole temperature range from 1.5 to 10°K. From the slope and the intercept of Fig. 2 we can calculate the correlation length of the magnetic order. This varies smoothly between 16 A at 1.5°K and 12.~, at 10°K. From this we conclude that the maximum of the macroscopic susceptibility at 4.5°K should not be interpreted as the Curie point. There is short-range order on both sides of this temperature and we find no evidence of a phase transition.
For comparison, Fig. 2 contains the evaluation of data measured on the 40% sample (dashed lines). Here again we get a straight line (Ornstein-Zernike behaviour) at 17 °K, but at 1 "5 °K thecurve bends off, indicating that at this concentration (maximum of susceptibility at 13 °K) there is a transition to another (longer-range) type of order.
Superconductivity does not seem to have any influence on the magnetic order in our sample. At the superconductive transition temperature of 2.6~'K neither the shape of the correlation function nor the correlation length changes. The short-range order found in our sample simply ignores superconductivity.
The absolute intensity has not been measured in our experiments, but we can get a rough estimate of the neutron intensity observed and thus of the magnetization fluctuation per Tb atom. In doing so we measure the neutron intensity for larger angles up to the first nuclear Bragg peak. (It should sit on a broad magnetic peak, which was not observed within our experimental accuracy.) Taking the Lorenz factor into account, we can use the nuclear peak (where the structure factor and the nuclear scattering lengths are known) to calibrate the integrated small-angle intensity. Doing so we find that the average z-compound per Tb atom is some tenth of a Bohr magneton (instead of 9 B.M. of the free ion). We cannot distinguish, however, whether the magnetic moment of the Tb-ion is depressed or whether the moments are less correlated.
Discussion
The superconductive coherence length of Ceo.8Tbo.2Ru2 is not exactly known, but is certainly larger than the magnetic correlation length of 15 ~. Therefore it is still possible that the magnetic order in our sample is established by some kind of a Rudermann-Kittel interaction via the conduction electrons. In systems where the magnetic correlation length is larger than the coherence length it is expected that the correlation length changes when going through the superconducting transition. Looking for such systems should be a challenge for further investigations.
Hahn and Keller concluded from tile magnetization curves of partially ordered Ni3Mn that magnetism is caused only by ordered clusters which are ferromagnetic and thermally unstable. This model was questioned by Paoletti and Ricci in 1967 who showed by scattering with polarized neutron scattering that the disordered matrix also becomes magnetic below 400 ° K. In order to elucidate the behaviour of the matrix and its correlation to the clusters, an NiaMn alloy was investigated by neutron small-angle scattering at temperatures between 78 and 500"K with different applied magnetic fields. The small-angle scattering, which is only of magnetic origin, confirmed that the magnetization really consists of two contributions. One type of magnetization is localized at small ordered clusters and has a Curie temperature Tc = 750°K which is about the same as the ordering temperature. The other type of magnetization is localized in the environment of the ferromagnetic cluster and has a Tc-400~K. In order to interpret the scattering pattern of the clusters and to understand its temperature dependence it has been assumed, based on independent evidence, that the clusters are elongated particles of uniform size. In this case, the major axis is found to be about 40 A, four times larger than the minor axes. A high un axial anisotropy with the two easy directions parallel to the long axis was verified because the scattering of the magnetic cluster did not depend on the strength of the applied field nor on the angle between the scattering vector and the magnetic field, In the absence of an applied magnetic field the magnetization of the environment of a cluster has been found to be parallel to the magnetization of the cluster. An applied field of up to 6 kG gradually turns this magnetization into a homogeneous magnetization of the matrix with its direction parallel to the external field. In contrast to this behaviour of the matrix, the magnetic moment of a cluster jumps only into that easy direction which is closest to the direction of the external field.
